area in the center. Usually, they arise by tendon from the lateral lower surface of the transverse processes of the seventh cervical and upper eleven thoracic vertebrae.
They run latero-downward and insert muscularly into the upper edge and dorsal surface of the neck of the next rib. They assume a segmental arrangement (Figs. 1-a, b ). These muscles and the Mm. erector spinae of the intrinsic dorsal musculature have a common origin and are difficult to separate. Since the lateral edge of this muscle partly covers the M. intercostalis externus and, at the same time, is completely covered by the M. iliocostalis and M. longissimus dorsi, and furthermore as the M. intercostalis externus is no longer present at the lower side of this muscle, being replaced by the M. intercostalis internus, at casual glance it may be mistaken to be a continuation of the M. intercostalis externus.
As mentioned above, however, there is overlapping of part of the muscle bundles, which run in different directions, so that the boundary between these two is definite.
The insertion of the uppermost (most proximal) muscle from the seventh cervical vertebra, however, differs from the others in that it is not covered by the M. iliocostalis (Fig. 2) . These muscles successively become larger in size distalward and the angle of insertion into the rib also increases.
This muscle was never absent. The above mentioned findings hardly differed at all among Macaca irus, Macaca cyclopis and man.
However, a variation noted in one Macaca irus with 13 pairs of ribs was the origin of the lowest muscle from the 12th thoracic vertebra.
II. M. levator costae longus (Figs. 1-b, 3, 4) This muscle is absent in Macaca irus and Macaca cyclopis and is found only in man. This is thin, long, fusiform muscle which always has a common tendon of origin with the M. levator costae brevis with this muscle being in the superficial layer.
There is gradual transition to muscle as they run lateralward and downward, usually beyond the next rib to insert into the upper edge of the second next rib. In the area where the muscle crosses over the rib, a depression just large enough to pass the muscle is seen on the rib, but there is not much attachment between the muscle and rib. The insertion of these muscles never extend beyond the lateral edge of the M. iliocostalis, which always covers these muscles, and in most cases the insertion is located adjacent to the lateral edge of the M. levator costae brevis.
Moreover, the insertion is not always necessarily the upper edge of the rib but occasionally may be on the M. intercostalis externus. Further, the insertion may be either tendinous or muscular.
The number of Mm. levatores costarum longi on each side of the body is variable ranging from a minimum of only one up to a maximum of 13, but usually there are three to seven.
Furthermore, the number on each side is not necessarily the same.
In cases where the presence of the M. levator costae longus was found, the origin was from the transverse processes of the second to fourth and the eighth to tenth thoracic vertebrae so that they were present mostly in the upper and lower intercostal spaces with few in the central region. Moreover, those located in the upper region were poorly developed.
There occasionally may be cases with two Mm. levatores costarum longi arising from the transverse process of a single thoracic vertebra, each with a separate insertion, but usually the muscular development Satoh of one or the either was extremely poor. A variation noted was a muscle which arose tendinously from the lateral side of the M. levator costae brevis and passed over the rib above to insert into the belly of the M. levator costae brevis located in the next intercostal space. This seemed to be an inverted form of an incomplete M. levator costae longus.
Furthermore, at the origin, there was continuation of muscle fibers of the edges between this muscle and the M. levator costae brevis (2 cases, 2.3%, Fig. 4 ). The nerve supply to this muscle was by the branch to its origin, the M. levator costae brevis.
In other words, the supply was by the next (lower) intercostal nerve.
It next became apparent that the Mm. levatores costarum longi may be classified into about four types depending upon their size (or extent) (Fig. 3 , Table 1 ).
Type A: An incomplete form of the M. levator costae longus in which the muscle terminates on the M. intercostalis externus located in the next intercostal space after crossing over only the rib into which the M. levator costae brevis insert.
Type B : The muscle crosses over one rib and inserts into the -next rib so that it occupies two intercostal spaces .
Type C : After crossing over two intercostal spaces, the muscle terminates on the M. intercostalis externus in the next intercostal space.
Type D: The muscle extends over three intercostal spaces. Among the type B cases were seen rare instances in which the muscular portion was completely absent and it was entirely tendinous (2 cases, 2.3%). The most common condition was type B (58.6%).
III. Nerve supply (Figs. 5-a, b)
1) The nerve supply to the M. levator costae brevis is by the ramus posterior of the spinal nerve of the corresponding segment, in other words, by the thoracic nerve (except for the uppermost muscle which is supplied by the cervical nerve).
Moreover, it is so-called monosegmental innervation.
The thoracic nerve formed by the union of the anterior and posterior roots soon separates into ramus anterior and posterior. The ramus anterior becomes the intercostal nerve while the ramus posterior separates further, first giving off the branch supplying the Mm. transversospinales, then the branch to the Mm. levatores costarum and finally the nerve branches that are distributed to the M. longissimus dorsi and M. iliocostalis. The nerve to the muscle enters into the belly at a short distance above the center where it then separates into two or three branches.
The uppermost muscle only is supplied by the ramus posterior of the eighth cervical nerve.
2) The nerve supply to the M. levator costae longus, present only in man, was usually by the nerve supplying the M. levator costae brevis that arose from the same site of origin.
After piercing the M. levator costae brevis, the nerve enters the muscle.
There is not one case in which the supply is by the nerve to the M. levator costae brevis which inserts into the same rib. Even in the rare case in which the muscle extended over three intercostal spaces instead of two intercostal spaces, the nerve supply was entirely by the same nerve as that to the M. levator costae brevis which arose from the same site of origin so that it is evidently monosegmental innervation.
Discussion
Hardly any systematic study has been made on the Mm . levatores costarum.
Other than the description in " Muskeln des Stammes " by Eisler (1912), the only reports which include the discussion of the nerve supply are those of Morrison (1952 , 54) and F u j i t a (1963).
1) The morphological findings of the Mm. levatores costarum breves as mentioned by KohlbrUgg e, do not differ between man and monkey .
F u j i t a, however, reports that this muscle in man is continuous with the M. intercostalis externus and there is no boundary between the two so that they are difficult to separate.
In our observations, as previously mentioned, the course of muscle fibers of this muscle and that of the M. intercostalis externus differed with overlapping of one portion so that their distinction was not difficult to make.
2) In our investigations, the M. levator costae longus could not be identified in Macaca irus and Macaca cyclopis.
Eisler also reports that it is not present in Semnopithecus by K o h I b r U g g e, while Howe 11 and Straus report that it is absent in Macaca rhesus. In the study of man, bear, lion, and cattle by F u j i t a, this muscle was noted only in man. Since there is no report of this muscle in Primates, it presumably is present only in man.
However, this does not mean that there are no reports suggesting the possible presence of this muscle in Primates.
Yamaguchi (1966) of this department who examined 41 cases of Macaca cyclopis described a variation of the pars dorsalis of the M. iliocostalis which was similar to the M. levator costae longus (3.7%). According to his description and the records on file in this department, there was a small, flat, fusiform muscle bundle arising from the deep medial surface of the process of origin from the rib of the pars dorsalis of the M. iliocostalis which ran medially and upward over the rib above and inserted into the transverse process of the next thoracic vertebra together with the M. levator costae brevis which it overlapped. In other words, the origin and insertion were separated by two intercostal spaces. The nerve supply, however, could not be determined.
On the basis of these findings, we feel that it may perhaps be more appropriate that this muscle, which had been described as a variation of the M. iliocostalis, should be considered as being the M. levator costae longus, but since the nerve supply unfortunately has not been determined, no definite conclusion can be made.
A variation noted in our findings was a case in which this muscle, after arising from the transverse process of the thoracic vertebrae, was reflected upward and ran toward the intercostal space above. After crossing over the next rib above, it spread out over the M. intercostalis externus in the next intercostal space. We are not aware whether such a condition has been described previously.
Also, the presence of two Mm. levatores costarum longi from the same origin was noted, but this presumably corresponds to the con-dition reported by Eisler where the M. levator costae longus may be separated into two parts.
Moreover, G e g e n b a u e r and others described that this muscle tends to be localized in the lower thoracic region (quoted from Eisle r), but it may be located only in the upper region as in our findings.
3) The question is the nerve supply to these muscles.
It was found that the nerve supply to this muscle was not by ramus anterior of the spinal nerve, in other words the N. intercostalis as believed in the past but rather by the ramus posterior.
In our observation, the nerve supply to the Mm. levatores costarum breves and longi was not by the ramus anterior but by the ramus posterior in both man and monkey.
Moreover, the supply was by the same branch as that to the M. iliocostalis and M. longissimus dorsi.
The nerve supply to both of these muscles in man has been described by Eisler, Morrison, Fujita, etc.. Eisler reported that in man this muscle is innervated by the ramus anterior of the N. thoracicus and that it belongs to the same system as the M. intercostalis externus.
Similar views have been expressed by Walmsle y, Nish i, etc.. Howell and Straus also report for rhesus monkey that the nerve supply is by the N. intercostalis and presumably by the R. ventralis n. cervicalis.
Although their reports do not contain a description of the nerve supply in such detail, many others including L u s c h k a have regarded this muscle and the M. intercostalis externus as belonging to the same system, but their views seem to be based simply upon the morphological relations.
In contrast, Morrison felt that this muscle, which is innervated by the lateral division of the posterior primary ramus of the corresponding spinal nerve, was the lateral portion of the proper posterior intertransverse muscles of the cervical region. Fujita in his study of man, bear, lion and cattle reported that the Mm. levatores costarum longi are present only in man, that the nerve supply is not by the rami anteriores of the spinal nerves, i. e., the N. intercostalis as believed heretofore, but rather by the rami posteriores of the spinal nerves as suggested by M o r r is o n, and that this muscle belongs to the same system as the M. iliocostalis in view of the nerve supply. Therefore, the findings of Fujita are largely consistent with our findings and we are in agreement with his view that this muscle should be considered as belonging to the same system as the M. iliocostalis rather than the deep muscles of the chest.
Furthermore, as described by Howell and S t r au s, the N. cervicalis also supplies the uppermost muscle but it is not by the rami anteriores as reported by him but by the rami posteriores.
In this respect, the previously mentioned view of Morrison is correct.
4)
In the report of F u j i t a concerning the nerve supply to the M. levator costae longus, it was said that this muscle is innervated by a branch which is a lateral extension of the branch to the M. levator costae brevis that inserted into the same rib as this muscle but it could not be determined whether this muscle was monosegmental or bisegmental.
Our findings are in agreement with that of F u j i t a in that the nerve supply is by the lateral extension of the nerve to the M. levator costae brevis.
However, in all of our cases the supply to this muscle was by the branch that innervated the M. levator costae brevis which arose from the same site of origin and it was not recognized that the supply was by the branch to the M. levator costae brevis which inserted into the same rib as this muscle.
In other words, the nerve supply to the M. levator costae longus was not by the nerve supplying the same segment of the M. levator costae brevis as the caudal half of the M. levator costae longus as mentioned by F u j i t a, but on the contrary our findings indicate that the nerve supply is by the branch to the same segment of the M. levator costae brevis as the cranial half. Rarely, the M. levator costae longus extended over three intercostal spaces (type D), but even in these cases the nerve supply was always by only one branch, the nerve innervating the M. levator costae brevis which was its origin and never by any other nerve segment.
Therefore, it was confirmed that this muscle is monosegmental and not bisegmental.
5) The formation of the M. levator costae longus, according to E i s 1 e r, is simply due to the separation of the M. levator costae brevis or the extension of the lower tip of the M. levator costae brevis beyond the intercostal space adjacent to it in search of a new insertion.
We are in agreement with this view. In our findings, although this muscle crossed over the rib to which the M. levator costae brevis attached, it did not extend as far as the next rib but inserted into the M. intercostalis in the next intercostal space (type A) in a considerable number of cases. This should be regarded as the incomplete form of the M. levator costae longus.
I view the formation of the M. levator costae longus as follows : When the muscular elements of a certain segment insert immediately into the next rib, this is the M. levator costae brevis.
When the insertion is not that rib but if, after crossing over one rib, it attaches into the M. intercostalis located in the next intercostal space (type A) or if it extends further to insert into the second next rib (type B), this is the M. levator costae longus which is the form most commonly seen. There also may be cases in which the elements extend even further downward crossing over two ribs (type C and D), but the muscular elements in each instance is the same as that of the M. levator costae brevis which has the same origin.
Since these are formed by the downward extension or migration of the elements, this is a monosegmental muscle in all instances regardless of what type of M. levator costae longus it is.
The previously described variation in which the muscle crossed over the rib above to insert into the belly of the M. levator costae brevis above should be considered to be a case in which the muscular elements happened by chance to migrate or extend upward.
Summary
1) The Mm. levatores costarum in man are separated into the Mm. levatores costarum breves and the Mm . levatores costaum longi. In Macaca irus and Macaca cyclopis , however, the M. levator costae longus is not present.
2) The origin of the M . levator costae brevis is usually the seventh cervical vertebra and the upper eleven thoracic vertebrae . The insertion is the neck of the next rib . They are never absent.
3) The M. levator costae longus overlies the M . levator costae brevis with which a common tendon of origin is formed . They run latero-downward and usually cross over the next rib to attach to the rib below. These muscles are few in the central region , b eing present in the second to fourth and eighth to tenth intercostal spaces. There mostly are three to seven on one side of the body . Depending upon the number of intercostal spaces occupied , this muscle can be classified into four types . Most common was the type in which it crossed over one rib to insert into the next rib , in other words, two intercostal spaces are occupied .
4) The nerve supply to the M. levator costae brevis was by the ramus posterior of the corresponding spinal nerve.
Moreover, it was by a division from the branch supplying the M. longissimus dorsi and the M. iliocostalis.
5) The nerve supply to the M. levator costae longus was as a rule by a branch from the nerve supplying the M. levator costae brevis that arose from the same site of origin.
It never received a branch from any other nerve segment.
In other words, it was supplied by only one nerve.
Therefore, this is a monosegmental muscle.
6) In view of the pattern of nerve supply, both the Mm. levatores costarum brevis and longus are muscles of the same system as the M. longissimus dorsi and M. iliocostalis.
7) In view of the nerve supply and pattern of distribution of the muscle, it is felt that the M. levator costae longus originally had been the M. levator costae brevis.
Cases in which extension of the elements of the muscular segment downward had occurred so as to occupy more than one intercostal space is considered to be the M. levator costae longus.
